defining the term "radiological evolution," and the lack of agreement regarding this clinical definition might be one reason for the wide range of reported hemorrhagic progressions of contusions (from 16.4% to 51.0%) reported by different clinical studies. 1, 4, 6, 21, 22, 35, 37 Considering the natural history of cerebral contusion, a major clinical question remains as to when and how to perform surgery for a patient harboring a brain contusion.
More than 20 years ago, Marshall et al. 18 proposed a classification of head injury based on cerebral CT images. They stratified head injury according to the status of the mesencephalic cisterns, the presence of midline shift (> 5 mm), and the volume of the main intracranial lesion (> 25 ml). Patients with a lesion volume greater than 25 ml who had not undergone surgical intervention were classified as a nonoperated mass lesion cohort, indirectly suggesting that surgery was indicated for such patients. According to a recent review by the Brain Trauma Foundation, 2 current clinical indications for surgery for traumatic brain contusions comprise an amalgam of clinical and radiographic criteria, including lower Glasgow Coma Scale (GCS) score, presence of neurological deterioration, location of contusion, increased lesion volume, CT image appearance (increased midline shift and/or basal cistern compression), and increased intracranial pressure (ICP). Among these parameters, the most frequent factors used by attending neurosurgeons as criteria for surgical intervention for posttraumatic parenchymal damage are radiological and clinical deterioration. 25 Our aim was to evaluate specific clinical factors that might be accurately predictive of outcome and to investigate the association between clinical and radiological deterioration. We also analyzed indications for surgery in patients with cerebral contusion.
Methods

Inclusion and Exclusion Criteria
We identified and retrospectively analyzed data from a prospectively registered database. We selected the records of all patients with a history of TBI and a CT diagnosis of cerebral contusion who had been treated during from January 2008 to December 2011 in 11 hospitals of the northwestern Emilia region of Italy. In this area there are 2 central hospitals with neurosurgical departments (Parma and Reggio Emilia) and 9 peripheral hospitals that are connected by a continuous teleradiology service that enables decision making with regard to the suitability of transferring a patient on the basis of imaging and clinical information. The teleradiology system is combined with area guidelines for management of head injuries. 10 Patients with the following characteristics were considered eligible for inclusion in the study: a cerebral contusion as the main posttraumatic intracranial lesion; a diagnosis of cerebral contusion with hemorrhagic volume greater than 1 ml, as also reported by Chang et al.; 4 at least 3 CT scans acquired during hospitalization; complete and available clinical data with particular attention to any alterations in neurological examination findings during the first hours after trauma; and hospitalization on the 1st day of TBI.
We initially identified 629 patients but subsequently excluded 277 patients from the study because of 1 or more of the following: cerebral contusion volume less than 1 ml, unsatisfactory and incomplete clinical report, lack of available follow-up CT scans, and impossibility of assessing patients' outcome after 6 months. The remaining 352 patients were included in the data analyses associated with this study.
Clinical Data Collection
The following clinical data were collected and analyzed for all patients: age, sex, mechanism of injury, results of first GCS evaluation, history of concurrent conditions (hypertension and/or cardiopathy and/or diabetes), treatment with an antiaggregant or anticoagulant, onset of neurological deterioration during the first 12 hours after trauma, and neurosurgical intervention. Patients were classified as neurologically deteriorating if the GCS score decreased by at least 2 points or if onset of pupillary abnormalities (as defined by Morris et al.
20
) was registered. The mechanism of injury was classified as either highenergy trauma or low-energy trauma. 31 All other data were identified from clinical reports. The neurosurgical procedures were identified from an online register from the neurosurgical hospitals.
Radiological Assessment
For each patient, we collected the first 3 CT scans, including the one taken at the time of hospital admission. The CT images were reread by a central reader (D.C., a neuroradiologist), who was mostly blinded as to the time of the scan. Other radiological data collected and analyzed included the number of cerebral contusions, the cerebral contusion location, hematoma volume, edema volume, the presence of midline shift (> 5 mm), the presence of basal cistern effacement, the presence of other posttraumatic intracranial lesions (subarachnoid hemorrhage, subdural hematoma, extradural hematoma, intraventricular hemorrhage, cranial fracture), and the number of intracranial lesions identified in association with the cerebral contusion. As many as 5 cerebral contusions per patient were recorded. The location of the cerebral contusion was distinguished regionally as frontal, temporal, parietal, occipital, posterior fossa (cerebellum or brainstem), or basal nucleus. Hematoma volume was calculated by using the following formula: volume = (ABC)/2 (cm 3 ). 16 For patients with more than 1 cerebral contusion, the volume of each contusion was calculated and then added to obtain the total volume of contusion. For most patients, the edema component had a hypodense circumferential, not regular, aspect. According to the attending neuroradiologists, we registered 2 measurements: one including only the hyperdense (hemorrhagic) component and the other including the hypodense (pericontusion edema) and hyperdense (hemorrhagic) components of the lesion. By subtracting the first measurement from the second, we obtained a volume that was considered a reliable estimate of the hypodense component constituted by edematous tissue in the first few hours after trauma. 24 The midline shift was measured by 2 physicians, and the cases were divided ac-cording to a midline shift of more or less than 5 mm. The status of basal cisterns was categorized as normal versus abnormal (compressed or absent). On the second and third set of CT scans, we assessed the following specific parameters: percentage increase of hematoma size, expansion of the edema, new onset or an increase of at least 2 mm in the midline shift, worsening of the status of the basal cisterns, expansion of at least one other posttraumatic intracranial lesion. The CT scans were reread by a central reader (D.C.), who was mostly blinded as to the time of the scan. Evolution of hematoma size was defined as significant if enlargement of 30% of the original size was noted on CT scans, according to a recently published study. 1 Before choosing this expansion cutoff, we searched the literature for a recognized cutoff. We identified a cutoff of 30% volume increase in accordance with the more recent articles published on this issue, which considered increases of 25%, 30%, and 33%. 1, 22, 35 The percentage increase of hematoma size was also inserted into the database as a linear variable. Unlike hemorrhage, a cutoff value for expansion of the edema component of a contusion has not been established in the medical literature. In agreement with the previously defined cutoff, 1 an increase of more than 30% of edema volume was considered significant. A worsening in the status of the basal cisterns was registered if a normal parameter became abnormal (compressed or absent cisterns). Expansion of other posttraumatic intracranial lesions was evaluated by the attending neuroradiologist; all patients were stratified into 2 categories: 1) those with stable lesions or 2) those with an increase of at least 1 intracranial lesion.
Outcome Measurements
Initially, we carefully searched for death certificates in the archives to identify those patients who died during the first 6 months after TBI. Subsequently, after obtaining informed consent, we administered a Glasgow Outcome Scale-Extended (GOSE) by telephone to all patients 6 months after trauma. If it was not possible to evaluate the patient's outcome, we excluded the patient from the collective database. According to published studies, 36 the outcome was classified as either favorable (GOSE Scores 5-8) or unfavorable (GOSE Scores 1-4).
Statistical Analyses
Prognostic factors were assessed by means of binary logistic regression models as follows: 1) univariate p value was calculated by using a logistic regression with single variables as predictors; and 2) multivariate p value was calculated by using an adjusted logistic regression model, including all predictors with a p value of at least 0.2 in the univariate model. Furthermore, multicollinearity was excluded by performing a correlation matrix analysis (Pearson and Spearman correlation tests), considering the most clinically significant prognostic factor when the coefficient of determination (R2) is greater than 0.5. Residual output was also assessed to check residual values above or below 5 SDs, a cutoff based on the sample size of our patient group. For assessment of the diagnostic power of a given prognostic factor, a receiver operating characteristic (ROC) curve was used to calculate the area under the curve with 95% CIs and the cutoff value (for example, the flex point of the curve, where the sum of sensitivity and specificity was the maximum).
Results
Patient Demographics and Cerebral Contusion Characteristics
A total of 352 patients met the inclusion criteria for the study; their demographic data are listed in Table 1 . The GCS scores at the time of admission were distributed as follows: 41.5% mild head injury (GCS score of 14-15), 29.8% moderate head injury (GCS score of 9-13), and 28.7% severe head injury (GCS score of 3-8). Most patients (n = 281 [80%]) were treated in hospitals with a neurosurgical unit, whereas only 71 (20%) were admitted to peripheral hospitals under neurosurgical supervision, where all inclusion criteria were observed. The mean time from injury to initial CT scan was 2 hours (range 47 minutes-11 hours, interquartile range [IQR] 63-98 minutes). The second set of CT images was obtained at an average of 9 hours (range 2-18 hours, IQR 154-312 minutes) after the initial scan. The third set of CT scans was obtained an average of 38 hours (range 10-55 hours, IQR 12-14 hours) after the initial scan. Computed tomography parameters at the time of admission (admission CT) are shown in Table 2 .
Of the 352 patients, 91 (25.9%) had more than 1 cerebral contusion. The average volume of intraparenchymal bleeding was 12.2 ± 10.7 ml (range 2-121 ml). For 307 patients, the volume of the single contusion was 1-10 ml; for 28 patients, the volume was 10-25 ml; and for 17 patients, the volume was more than 25 ml. The average (± SD) edema volume detected on admission CT images was 3.7 ± 4.9 ml. Most cerebral contusions were located in the frontal (53.2%) and temporal (29.8%) lobes; the rest were scattered throughout the parietal (5.9%) and occipital (0.6%) lobes, posterior fossa (5.3%), and basal nucleus (5.2%). The cerebral contusion was in the right hemisphere for 41% of patients and in the left hemisphere for 51.9%. Most patients had at least 1 other intracranial posttraumatic lesion. Frequency of associated lesions is shown in Table 2 . An urgent neurosurgical procedure was performed for 15 patients (4.3%) after admission CT scan, and a delayed neurosurgical intervention was performed for 46 (13.1%) patients (41 after the second CT scan and 5 after the third CT scan). All patients surgically treated after the first CT scan had had a severe TBI and more than 20 ml of intraparenchymal bleeding; of these 15 patients, 14 had a midline shift, 12 had basal cistern effacement, and 11 had a single cerebral contusion. For 13 of these 15 patients, a decompressive craniectomy was performed in association with lesion evacuation. Of the 46 patients who underwent delayed neurosurgical intervention, 35 underwent a craniotomy with evacuation of cerebral contusion and 11 also underwent a decompressive craniectomy. Characteristics of patients who underwent surgical treatment after the second CT scan are shown in Table 3 . The mean ± SD age for all 61 patients undergoing surgery was 47.8 ± 29.4 years.
Evolution of Neurological and Radiological Parameters on CT Images
The evolution of clinical and radiological parameters is shown in Table 4 . During the first 12 hours after trauma, neurological examinations revealed the following: clinical deterioration for 111 (31.5%) patients, clinical improvement for 22 (6.3%), and stable neurological function for 219 (62.2%). Concerning CT parameters assessed in this study, lesion volume decreased for 43 (12.2%) patients and remained unchanged between the first and second CT scans for 103 (29.3%). All lesions that showed reduced volume contained less than 2 ml. No lesions showing a reduction between the first and the second CT scan showed an evolution between the second and the third CT scan. Of the 206 patients in whom hematoma volume increased between the first and the second CT scans, for 135 (65.5%) volume increased by 30% or more. Moreover, between the second and the third CT scan, for only 14 patients (36.8%), lesion volume increased by more than 30%. Overall, a significant (> 30%) evolution of total intraparenchymal bleeding was observed for 149 patients (42.3%). Increased cerebral edema was noted for 162 patients; among those, the increase was noted between the first and second CT scans for 59 patients (36.4%) and between the second and third CT scans for 103 patients (63.6%). A verifiable midline shift was documented on the admission CT scans for 76 (18.1%) patients. Overall, for 97 patients, a worsening of midline shift was observed on follow-up CT scans. For 70 patients, a new midline shift appeared on the second CT scan in the absence of any previous signs of shift (Fig.  1) . For 27 patients, a midline shift was document on the admission CT scans and increased on follow-up CT scans.
For 107 patients, worsening of the status of the basal cisterns was observed on follow-up CT scans. For 76 patients, although the appearance of the basal cisterns was normal on the admission CT scans, on the follow-up scans, the basal cisterns had become compressed or absent. Of the 31 patients in whom basal cisterns were absent or compressed on the admission CT scans, the status of the cisterns had worsened at the time of follow-up CT.
Analysis of the variables associated with a single contusion (coexistence of other cerebral contusion, localization, and volume at first CT scan) revealed that the volume of the single contusion is predictive for the evolution of the hematoma (ROC curve documented that a value of 4 ml or less has a sensitivity of 95% and specificity of 75% for predicting absence of evolution). 
Outcome Prognostic Factors
The results of univariate and multivariate analysis to identify factors predicting a favorable outcome are shown in Table 5 . The analyzed data excluded an association between outcome and intraventricular hemorrhage and expansion of other intracranial lesions. There was no relevant difference in the risk for unfavorable outcome among patients treated in hospitals with or without a neurosurgical department (p = 0.315), indirectly suggesting that patients admitted to and treated in peripheral hospitals after a selection is made via telemedicine do not have a worse outcome than do patients directly admitted to neurosurgery. For all other variables, univariate analysis documented statistical significance. To document the predictive power for unfavorable outcome, we created a logistic regression model with 26 parameters. The following factors showed statistical significance: 1) older patient age (p < 0.001); 2) low GCS scores at first evaluation (p < 0.001); 3) clinical deterioration in the first hours after trauma (p = 0.003); and 4) onset or increase of midline shift at follow-up CT (p < 0.001). To evaluate whether there was a reliable cutoff after which prognosis rapidly worsens, we created an ROC curve for prognostic value of patient age. The identified cutoff age was 69 years, but the sensitivity (72.7%) and the specificity (75.3%) of the analysis were too low to authorize use of this cutoff in medical practice. No association was found between evolution of parenchymal bleeding and outcome. Similarly, no predictive prognostic power was documented for edema expansion.
To investigate whether a dichotomization for hematoma expansion with a higher cutoff would give different results, we performed 2 univariate analyses. The first analysis compared patients with a hematoma expansion cutoff of 50% (288 patients without and 64 patients with hematoma expansion), and the second analysis compared patients with a doubling in hematoma size (313 patients without and 39 patients with doubling). No statistical significance was documented by either analysis (p = 0.152 and p = 169, respectively).
Correlation Between Radiological Progression and Clinical Deterioration
To prove the association between clinical deterioration and specific radiological parameters, we performed univariate and logistic regression analyses (Table 6 ). For all patients with a midline shift greater than 5 mm, total intraparenchymal bleeding greater than 12 ml was documented. The mean total intraparenchymal bleeding among patients with midline shift was higher (16.3 ml) than that among patients without midline shift (8.1 ml). Moreover, the mean edema volume among patients with midline shift was higher (5.7 ml) than that among patients without midline shift (2.1 ml). Using multivariate analysis, we identified that the ability of onset or increase in midline shift at follow-up CT to predict clinical deterioration was statistically significant (p < 0.001) as was increased basal cistern effacement at follow-up CT (p < 0.001) (Fig.  2) . These same parameters as measured on admission CT scans were not significantly associated with clinical deterioration. The distribution of the different radiological parameters among patients with and without worsening of neurological function is shown in Table 7 .
Discussion
Brain contusions are the most frequent type of posttraumatic intracerebral lesions. Because they usually occur in combination with other types of hematoma, it is difficult to collect a pure series of patients with isolated brain contusions. Unlike previously published studies, 1 our study included only those patients for whom the brain contusion was the main lesion and/or the primary reason for surgery. Because many of these patients are in hospitals that do not have a neurosurgical unit but that are linked to a neurosurgery department via image transmission, 14 we included patients who received treatment at both the primary hospital neurosurgical unit and the peripheral hospitals under supervision. Unlike the United States, where only 10% of patients are transferred to neurosurgical units of major hospitals from peripheral hospitals, 13 in Europe, more than 40% are transferred to a major trauma center from other smaller hospitals; some countries like Italy, France, or the United Kingdom report well above 50% referrals from other hospitals. 13 Our data demonstrate that among patients with brain contusions, the management of a minority of cases (71 patients [20. 1%]) outside a major neurosurgical center, with the aid of teleradiology and area guidelines, 10 was not detrimental to patient outcome. In our study, older age was associated with worse outcomes in a continuous way (linear relationship), as previously reported. 13 When patient age exceeded 70 years, clinical prognosis worsened but with very low specificity and sensitivity (sensitivity 72.7%; specificity 75.3%). Age was found to be so prognostic that all medical risk factors (heart disease, diabetes, and hypertension) that are significant on univariate analysis are included by age on multivariate analysis.
In previous studies, we have shown how the use of antiplatelet agents in elderly patients increases the risk for intracranial lesions (mainly contusions) after mild traumatic head injury. 11 These data were only partially confirmed because, in our study, the use of antiplatelet agents clearly interacted with age in the multivariate analysis.
Other studies have shown that a low number of platelets (< 100,000) is associated with hematoma progression and a 9-fold increased risk for death. 1 Glasgow Coma Scale scores have also been shown to be highly predictive of prognosis. 6, 32, 35 One of the most interesting observations of our study is the high percentage (32% [111/352]) of patients showing clinical deterioration during hospitalization. A worsening of neurological outcome occurred overall for 1 patient out of 3 and, more specifically, for 5% of patients with mild TBI, 39% of patients with moderate TBI, and 62% of patients with severe TBI. As previously suggested, 8 these data confirm that neurosurgeons on duty await clinical deterioration before deciding in favor of surgery. Another interesting finding is the high risk for clinical deterioration in patients with moderate head injury (39%). In a previous multicenter study of patients with moderate TBI, harboring all types of intracranial hematomas, clinical worsening occurred for 28%, 7 thus confirming the high risk of deterioration for this population.
Multivariate analyses revealed that none of the prognostic parameters of admission CT scans (hematoma volume, presence of associated lesions, midline shift, and basal cistern status) were associated with clinical outcome. Admission CT scans did not predict outcome because contusions by definition are lesions prone to evolve and outcomes are related to the evolved CT scan as previously reported. 26 We defined an evolved hematoma as one that increased by more than 30%. This limit was arbitrarily chosen and is in agreement with previously published criteria. 1 Increases in cerebral contusion volume of 25% 22 and 50% 6 have also been considered. When TBI results in a contusion, the hemorrhagic lesion often expands or a new hemorrhagic lesion might develop remotely (noncontiguously) from the original contusion during the first several hours after impact. Hemorrhagic progression of a contusion might be detected on CT scans even in patients with mild head injury. 17 For a delayed progression of hemorrhage to occur, microvessels must have been ruptured at the time of impact or microvessels unaffected at the time of impact must show subsequent rupture, hours after the impact, causing extravasation of blood. Recent findings suggest that the latter scenario prevails. 23, 29 Severe cerebral contusion is often associated with nonhemorrhagic mass effects that progress rapidly within 12-48 hours after trauma. The mechanisms underlying such a rapid progression of mass effect cannot be fully explained by classic concepts of vasogenic and cytotoxic brain edema. Data from previous clinical trials, including diffusion-weighted MR imaging studies, have indicated that cells in the central (core) area of the contusion undergo shrinkage, disintegration, and homogenization, whereas cellular swelling is located predominantly in the peripheral (rim) area during this period. 17 A recent study by Kawamata et al. 15 demonstrated that cerebral contusion induces a rapid increase in tissue osmolality without contribution from inorganic ion fluxes. Furthermore, in this study, the authors suggest that the increase in colloid osmotic pressure through the metabolic production of osmoles or the release of idiogenic osmoles is probably the main cause of contusion edema. According to the literature, factors predicting hematoma evolution include the presence of subarachnoid hemorrhage, 6, 22 presence of an associated subdural hematoma, 1, 22 and high volume of contusion at admission. 1, 4 Contusions of less than 10 ml were never associated with hematoma evolution. 1 In our study, we found a similar observation for single lesions of less than 4 ml, confirming a link between hematoma evolution and contusion size at admission. Regarding the existing issue of multiple contusions (98/352 patients [27.8%]), we believe that the risk for clinical deterioration is associated with the sum of the volumes of the different hematomas, so we considered the additive volume of the different intraparenchymal hematomas as a risk factor for every patient. Since publication of the Marshall classification 18 for CT scans of TBI patients, the limit of 25 ml has been used as the clinical standard and guideline for surgical evacuation of hematomas, including those showing minor changes. 2 We suggest that when 25 ml is used as a limit for surgical intervention, the fact that patients with multiple contusions differ from patients with a single contusion must be considered. We believe that the 25-ml cumulative index might be more a sensitive and predictive prognostic index of outcome and is therefore more useful.
Somewhat surprisingly, according to multivariate analysis, the most reliable CT parameter related to outcome was the appearance or increase of midline shift. Midline shift in trauma patients has long been considered an influential parameter in CT classification, but it has never been shown to be superior to other CT data. In our study, we attempted to correlate clinical worsening with deterioration on CT scans. Our univariate analysis data (Table 7) demonstrated that worsening of the clinical neurological function is associated with hematoma evolution, edema increase, onset or increase of midline shift, and onset or increase of basal cistern effacement; our multivariate analysis data demonstrated that only onset and increase of midline shift and basal cistern effacement were significant. Our observations confirm those of Alahmadi et al., 1 who reported that not all patients with hematoma progression subsequently showed clinical deterioration. Conversely, Narayan et al. 21 documented a link between hematoma increase and clinical deterioration, although in a limited case series. These observations have a clear implication for surgical indications for patients with contusion. The factors currently used as guidelines typically include clinical deterioration, hematoma progression, and increased ICP (in monitored comatose patients The correlation between radiological and clinical evolution remains a controversial issue. In a study of 116 patients, Smith et al. 30 reported that 5% of patients re- quired neurosurgical intervention after routine follow-up head CT indicating delayed cerebral lesions. However, in the above-cited study, the patients who required delayed surgery always exhibited associated clinical changes. Furthermore Alahmadi et al. 1 analyzed 98 patients with brain contusions and reported that about half of the contusions managed conservatively would progress radiologically over time in hospitalized patients. However, not all patients with radiological progression showed clinical deterioration or required surgical intervention. Alahmadi et al. reported that of the 17 patients who underwent delayed surgery, only 4 required a craniotomy for evacuation of cerebral contusions and the others underwent surgery for extracerebral posttraumatic hematoma or for insertion of an ICP monitor. Conversely, in our study, we restricted the definition of surgically treated patients to those requiring surgery for brain contusion. It seems that in many patients with brain contusions a correlation between clinical and radiological parameters (hematoma and/or edema increase) is lacking. For our patient cohort, surgery to remove contusions was both early (4.3%) and delayed (11.6%). Of the 61 patients who underwent surgery, for only 15 was it performed early. In another recently published study, Compagnone et al. 8 evaluated surgical management in a group of 729 patients with intradural lesions; surgery was performed early for 404 patients (12.6% for contusions) and was delayed for 154 patients (31.2% for contusions). Taken together, the results of our study and those of the above-mentioned study suggest that patients with cerebral contusions seem to require delayed surgery on a more frequent basis.
Our data suggest that a combination of clinical parameters (neurological deterioration) together with selected radiological parameters (including appearance or increase of midline shift and/or appearance of cisternal compression) are better predictors of outcome than simple hematoma evolution alone, as previously advocated. 3, 19 Future studies are warranted to investigate whether these radiological parameters can predict clinical deterioration and therefore can be useful as guidelines for surgical indications before the onset of GCS score worsening. The reasons underlying why hematoma increase and/or pericontusion edema increase do not influence clinical deterioration are probably associated with the complexity of the anatomic lesions in these TBI patients. Many patients have multiple contusions and/or small extracerebral hematomas that contribute to brain compliance and genesis of mass effect. Only midline shift and cisternal compression are able to accurately depict brain compression leading to clinical deterioration.
Another reason for the lack of correlation between hematoma evolution and clinical evolution could be a low (30%) cutoff for considering significant hematoma evolution. This cutoff was identified in accordance with the more recent articles published on this issue. 1, 22, 35 Additional analyses performed with a 50% increase and hematoma doubling confirmed the absence of a link between expansion of a single hematoma and patient outcome.
We monitored ICP in 45 comatose patients after the second follow-up CT scan. In 18 patients (40%), pressure increased over 25 mm Hg despite CSF drainage and reinforced medical therapy. 33 Of these 18 patients, 16 underwent surgical intervention (10 also received an associated decompressive craniectomy). A recent prospective study demonstrated the lack of significant differences in outcome between comatose patients with or without ICP monitoring. 5 Additional prospective 9 and large retrospective studies 28 further demonstrated worsened outcomes in aggressively monitored and treated patients. Our study results suggest that ICP is the most useful guideline for surgical intervention in comatose patients with potentially evolving brain contusions. When measurements of clinical outcome are unavailable, ICP monitoring has clinical utility for surgical decision making for patients with posttraumatic intracranial mass lesions.
This study has some limitations. These limitations are the retrospective design, the total number of participants (which remains small overall but larger than that of many other published studies), the potential for subjective determination of clinical and radiological measures among multiple centers, and potential selection bias for treatment regimens among patients.
Conclusions
Among patients with intracranial contusions, the following features are heterogeneous: clinical status (mildmoderate and severe TBI), radiological findings (single or multiple lesions, association with other hematomas, hematoma evolution), and outcomes. Establishing surgical indications among this patient population is difficult; the most reasonable indicator is a combination of clinical deterioration and increased midline shift/basal cistern compression.
